The glycosylation and methylation of quercetin by cultured plant cells of Phytolacca americana gave quercetin 3-O--D-glucoside and isorhamnetin 3-O--Dglucoside. Myricetin was glycosylated and methylated to syringetin 3-O--D-glucoside by cultured P. americana cells.
Plant cultured cells have been studied with respect to biotransformation reactions because of their biochemical potential to produce specific secondary metabolites such as flavors, pigments, and agrochemicals. The reactions that are associated with the biotransformation of organic compounds by cultured plant cells include oxidation, reduction, hydroxylation, esterification, methylation, isomerization, hydrolysis, and glycosylation [1] . Glycosylation by cultured plant cells has been the subject of increasing attention, since a one-step enzymatic glycosylation by cultured plant cells is more convenient than chemical glycosylation, which can require tedious steps such as protection-deprotection of the hydroxyl groups of sugar moieties [2] [3] [4] [5] [6] [7] . Additionally, the glycosylation of bioactive compounds can enhance their watersolubility, physicochemical stability, intestinal absorption, and biological half-life, and improve their bio-and pharmacological properties. We recently reported that cultured cells of Phytolacca americana had high potential for the glucosylation of resveratrol [8] . Herein, we report, for the first time, the glucosylation and methylation of quercetin and myricetin by cultured P. americana cells.
Quercetin (1) was administered to flasks containing suspension cell cultures of P. americana and incubated at 25°C for 2 days on a rotary shaker, after which the product formed (2) was purified by HPLC from a MeOH extract of the cells, and identified as quercetin 3-O--D-glucoside (2) ( Figure 1 ) on the basis of ESIMS, and 1 H and 13 C NMR spectral data. The methylated product (3) of quercetin 3-O--D-glucoside (2) was isolated by HPLC from MeOH extracts of the cells. The chemical structure of 3 was determined as isorhamnetin 3-O--D-glucoside on the basis of its ESIMS, 1 H and 13 C NMR spectra. The NMR data of compound 3 matched that reported previously [9] . Myricetin (4) was used as a substrate in the same biotransformation system using cultured P. americana cells as described above. After 2 days' incubation, compound 5 was purified by HPLC from the (3). We recently reported that the glucosyltransferase from cultured P. americana cells expressed in Escherichia coli cells glucosylated quercetin to quercetin 3-O--D-glucoside [11] . This is the first report that describes the methylation of quercetin 3-O--D-glucoside to isorhamnetin 3-O--D-glucoside by cultured plant cells. Myricetin was also glucosylated, and methylation of the glucosylated product occurred at its 3'-and 5'-position to give syringetin 3-O--D-glucoside. Studies on the enzymes participating in the methylation of glucosides from cultured P. americana cells are now in progress.
Experimental
General: Quercetin and myricetin were purchased from Wako Pure Chemicals Co. and were used without further purification. The cultured plant cells of P. americana were sub-cultured at 4-week intervals on solid medium containing 2% glucose, 1 ppm 2,4dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7) in the Biotransformation procedure: The suspension plant cells (20 g) were incubated in conical flasks for 2 days. The cultured cells in the stationary growth phase were used for experiments. After the cultivation period, 10 mg of the substrate was added. The transformation was performed by incubating the mixture at 25°C on a rotary shaker for 2 days. The culture medium and cells were separated by filtration. The culture medium was extracted with ethyl acetate, and the cells (x3) by homogenization with methanol. The methanol fraction was concentrated and partitioned between H 2 O and ethyl acetate. The ethyl acetate fractions were concentrated and analyzed by HPLC. The yield of product was determined on the basis of the peak area from HPLC using a calibration curve prepared with authentic glycosides.
